HH 262 is a group of emitting knots located approximately 3: 0 5 to the NE of the L1551 IRS 5 source. We present a detailed study of the kinematical properties of HH 262, based on proper motion measurements, and on high resolution imaging FabryPerot observations in the S II] 6717 line. From these observations, we conclude that it indeed appears to be the case that HH 262 is associated with the red lobe of the L1551 IRS 5 out ow.
Introduction
The molecular out ow associated with the L1551 IRS 5 source (Snell, Loren & Plambeck 1980) has been observed in detail by several di erent groups (see, e. g., Fridlund et al. 1984; Bachiller, Tafalla & Cernicharo 1994 ). An HH jet extending 30 00 to the SW of the source (described in detail by Stocke et al. 1988 ) is also observed. At larger distances to the SW of the source, a long chain of HH knots has been detected, which Rodr guez et al. (1989) interpreted as tracing the walls of a wind cavity, with which the molecular out ow is also associated. This chain of knots (which 1 { 2 { includes the well known HH objects 28 and 29) extends up to 5 0 from the source, and has been described in detail by Graham & Heyer (1990) and by Garnavich, Noriega-Crespo & Green (1992) .
Along the out ow axis to the NE, Graham & Heyer (1990) found two HH knots (GH 9 and 10) at a distance of 3: 0 5 from the IRS 5 source. More knots in a region of 3 0 in diameter around GH 9 and 10 were discovered by Garnavich, Noriega-Crespo & Green (1992) , and by L opez et al. (1995) . This group of emitting knots has been incorporated in the catalogue of Reipurth (1994) with the denomination HH 262. Graham & Rubin (1992) obtained a long-slit spectrum across the GH 9 and 10 knots, and measured spatially dependent radial velocities ranging from 0 to +100 km s ?1 . From these results, they concluded that the knots were probably associated with the redshifted lobe of the IRS 5 out ow, a conclusion which is of course strengthened by the strong symmetry between the IRS 5 source, and the diametrically opposed relative positions of HH 28 and HH 262.
On the other hand, the deeper image of L opez et al. (1995) shows that HH 262 has an \hour glass" morphology, centered on the condensation GH 10 E. This morphology can be interpreted as indicating that HH 262 corresponds to a bipolar cavity centered on a source located close to GH 10. In this latter case, we should expect to observe both blueshifted and redshifted material relative to the GH 10 velocity, and a bipolar pattern in the proper motions of the knots.
In order to solve this uncertainty in the interpretation of HH 262, we have obtained further observational data: (i) a set of CCD images of the region for proper motion determinations, and (ii) a Fabry-Perot map of HH 262 for radial velocity determinations with full spatial resolution.
The observations and the procedures used to obtain the results are described in x 2 and 3. The conclusions that can be derived from these data are discussed in x 4 and listed in x 5.
Observations
Fabry-Perot observations of HH 262 were carried out during the whole night of 1995 November 22 at the f/7.5 Cassegrain focus of the 2.1 m telescope of the Observatorio Astron omico Nacional at San Pedro M artir, B.C. (Mexico) using the UNAM Scanning Fabry-Perot Interferometer PUMA (Rosado et al. 1995 (Rosado et al. , 1998 . A 1024 1024 thinned Tektronix CCD detector, with an image scale of 0: 00 63 pixel ?1 , was used with a 4 4 on-chip binning in both dimensions. Thus, the resulting image format was of 256 256 pixels, with a spatial resolution of 2: 00 5 pixel ?1 .
An interference lter centered at = 6720 A and with a bandpass of 20 A was used in order to isolate the S II] = 6717; 6731 A emission lines. The scanning Fabry-Perot interferometer used is an ET-50 of Queensgate Instruments with a servo-stabilization system. The main characteristics of this interferometer are: interference order of 355, free spectral range of 18.92 A (equivalent to a velocity range of 844 km s ?1 ) and sampling spectral resolution of 0.39 A (equivalent to 17.6 km s ?1 ) at a wavelength of = 6716:44 A, achieved by scanning the interferometer gap at 48 positions. Thus, the dimensions of the resulting data cubes are 256 256 48. The selected con guration allowed to simultaneously map the S II] = 6717; 6731 A lines, which have well separated interference rings in the data cubes.
Under these conditions, we obtained 6 nebular data cubes with an exposure time of 48 min each. The nebular cubes were co-added in order to enhance the signal-to-noise ratio, obtaining a nebular data cube with a total exposure time of 288 min. We also obtained three calibration data cubes spaced regularly at the beginning, during and at the end of the observations in order to check for possible exures of the equipment. For the calibration cubes we have used the Ne line at = 6717:04 A, which has a wavelength quite close to the nebular wavelength and, consequently, avoiding possible problems with any phase shift correction due to the Fabry-Perot interferometer plates.
The data reduction and analysis were performed using the speci c reduction packages ADHOC (Boulesteix 1991) and CIGALE (Le Coarer et al. 1993 ). This software was used for the removal of cosmic rays, the wavelength calibration of the data cubes, the calculation of -cubes and the radial velocity pro le analysis. IRAF 8 and AIPS of the NRAO 9 routines were also used for part of the data reduction.
Results

Proper motions
In order to determine the proper motions of the HH 262 knots, a set of six CCD images (listed in Table 1) were used, giving a time baseline of six years (note, however, that not all the knots are visible in the six images; see Table 2 ). First, all the images were rebinned to the pixel scale of the 1990.93 image and converted into a common reference system by using eight to eleven of the stars common to the six frames and distributed around HH 262. The GEOMAP and GEOTRAN tasks of the IRAF package were used for these purposes. The tasks take into account relative translations, rotations and magni cations between frames. The proper motions were calculated by computing cross correlation functions (between pairs of frames) over a number of small sections or \boxes" centered around di erent condensations of HH 262. A similar method has been successfully applied to obtain the proper motions of the HH 110 (Reipurth, Raga & Heathcote 1996) and HH 30 (L opez et al. 1996) objects.
The boxes used are shown in Figure 1 , together with the identi cations of the knots of HH 262. IRAF is distributed by National Optical Astronomy Observatories, which is operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation 9 The National Radio Astronomy Observatory is a facility of the National Science Foundation, operated under cooperative agreement by the Associated Universities, Inc.
Most of the frames used for the proper motions have the HH 262 object at the edge of the CCD frames, and were not exposed deep enough since they were originally meant to study the central region of the L1551 cloud. Because of this, the signal-to-noise ratio for the fainter condensations is poor, and therefore the computed cross correlations are not single valued in some cases. Nevertheless, the six years time baseline and the fact that the HH 262 object is at a distance of 140 pc permit us to measure the overall o sets between the successive epochs.
The eleven reference stars are well distributed around HH 262 and there is not any indication for systematic motions (radial velocities or proper motions) of these stars, as it has been checked in the SIMBAD database. Thus, we do not expect that the measured proper motions of HH 262 will be a ected by systematic errors due to the reference system. We also have checked that the positions of the centroids of the reference stars measured from our images do not change signi cantly from one epoch to another (the proper motions reported in this paper for the HH 262 knots are at least ten times larger than the errors introduced by possible motions of the eld stars).
Thus, the main source of uncertainty in the HH 262 proper motion measurements comes from the quite extended structure as well as from the weakness of most of the knots. Typical uncertainties in the measurement of well resolved bright knots are 0:1 pixel (in the pixel scale of the reference frame), corresponding to 0: 00 2. Most knots, however, have a complex morphological structure, and a few are quite faint. This introduces uncertainties in the identi cation of the emission peaks on the successive CCD frames. For these more complex and/or fainter knots, the uncertainties ranged from 0.2 to 0.4 pixels (0: 00 4 to 0: 00 8).
The proper motion measurements, derived from o sets computed from quadratic ts to the peaks of the cross correlation functions (over the indicated boxes) are listed in Table 2 . The corresponding tangential velocities were obtained assuming a distance of 140 pc to HH 262. These proper motion velocities range from 120 to 240 km s ?1 , except for knot 21 which shows a tangential velocity higher by a factor of 3 (we note, however, that for knots 18, 19+20, and 22 the uncertainties are quite large). The position angles of the proper motion vectors span over a quite wide range of values, from PA=?25 to 146 (a range of almost 180 ). It should be noted that, for all the knots, the velocity component along the axis joining HH 262 and the source IRS 5 is directed away from this source. However, this velocity component is close to zero for knots GH 9 and GH 10 E-W, that is, they move almost perpendicularly to the direction of this axis (see Fig. 2) 
Radial velocities
A detailed study of the radial velocity structure of HH 262 can be carried out from the FabryPerot interferogram data. From these data, obtained as described in x 2, we have derived a set of velocity maps (or -cube) for the S II] = 6717 A line, which are shown in Figure 3 . From these maps, it can be seen that most of the emission over the whole spatial extent of HH 262 is redshifted with respect to the rest velocity of the ambient cloud, with heliocentric radial velocities ranging { 5 { from 0 to +150 km s ?1 . These maps also indicate that some of the knots have appreciable emission over a broader velocity range, because they appear in a larger number of channel maps than the other knots.
In order to quantify these e ects, the radial velocity eld has been obtained by extracting velocity pro les integrated over a number of boxes centered on the di erent emitting knots (these boxes are shown in Fig. 1 ). Figure 4 shows the line pro les obtained for the di erent boxes. For most of the emitting knots, the extracted line pro les are simple, showing a very well de ned, broad peak. Because of this, the line pro les have been characterized by the heliocentric radial velocity of the line peak (V rad ) and the line width at half maximum (FWHM), obtained from a Gaussian t, after deconvolution of the Fabry-Perot instrumental function. These values are listed in Table 3 . Note that the values obtained for the peak velocity of GH 9 and GH 10 E-W are in good agreement with the H peak velocity measurements derived by Graham & Rubin (1992) from a long-slit spectrum of these knots.
Other physical properties
In addition, it should be noticed that the appearance of HH 262 is di erent in the S II] and the H CCD images (Garnavich et al. 1992) . Some knots are brighter in S II] than in H , while for other knots the intensities are similar, or even lower. From the data of Garnavich et al. (1992) , it can be seen that the highest S II]/H ratios correspond to knots 18, 19 and 20 (with values ranging from 1.24 to 1.92). A lower S II]/H ratio is found for GH 10 E-W, 21 and 22 (ranging from 1.02 to 0.76). Finally, this ratio has a value of only 0:65 for GH 9, a result that may indicate that the physical conditions in this knot are quite di erent from those in the remaining knots.
4. Discussion 4.1. Distribution of the emission HH 262 is located at a distance of 3: 0 5 NE from the L1551 IRS 5 source (see, e.g., Garnavich et al. 1992) . HH 262 therefore lies directly on the red-shifted lobe of the L1551 IRS 5 molecular out ow (see, e.g., Moriarty-Schieven & Wannier 1985) , and is more or less diametrically opposed (with respect to the source IRS 5) from the bright HH knots in the region around HH 28. The spatial location of HH 262 therefore indicates that it might be associated with the red lobe of the L1551 IRS 5 out ow.
It should be noted that the position of HH 262 is also coincident with the blue lobe of an out ow from the L1551 NE source (Moriarty-Schieven & Wannier 1991; Pound & Bally 1991) . However, the redshifted radial velocities of HH 262 measured by Graham & Rubin (1992) , and from our Fabry-Perot results (this paper) appear to favor a link between HH 262 and the redshifted lobe of { 6 { L1551 IRS 5 molecular out ow.
On the other hand, L opez et al. (1995) pointed out that deeper images show that HH 262 has an \hour-glass" morphology, which could be interpreted as the result of an out ow from a source located in the central region of the object (e.g., close to GH 10 E, see Fig. 1 ). However, this possibility seems to be ruled out by our new proper motion and radial velocity measurements (see below).
Proper motions
We have obtained proper motion determinations for several of the of the HH 262 knots (see Fig. 2 and Table 2 ). If we interpret the tangential velocities as being the result of ballistic motions of the condensations, we would tend to conclude that the source of the knots is located close to HH 262 (see Fig. 2 ). However, this conclusion hinges on the quite uncertain value of the measured proper motion for some knots, and on the strict assumption that these knots move ballistically. This is of course quite unrealistic. For example, if one used the same assumptions for interpreting the proper motions of HH 2 measured by Herbig & Jones (1981) , one would conclude (based on the divergent proper motions of the fainter condensations of HH 2) that the source of the object has to be located very close to HH 2. As is well known, this is of course not the case (see, e.g., the review of Rodr guez 1989).
Thus, a probably more conservative approach would be to consider that several of the proper motions that we have measured for HH 262 are close to the L1551 IRS 5 out ow axis, and directed roughly away from the IRS 5 source. More speci cally, with respect to the line joining the source IRS 5 and HH 262 (with a PA = 61 ), knots 18, 22, 24 and 25 move in a direction rather close to this axis (15 < PA < 45 ). For knots 19+20 and 21 the di erence in the position angle of the motion and the direction from IRS 5 to HH 262 is PA ' 70 . Finally, knots GH 9 and GH 10E-W move almost perpendicularly to this direction ( PA ' 85 ). This distribution with respect to the out ow axis, and the fact that all the observed proper motions have a component of the velocity pointing away from the source IRS 5, favor IRS 5 as the origin of HH 262 and suggest an association of HH 262 with the redshifted lobe of the L1551 IRS 5 out ow.
We should note, again, that several of the proper motions are not directed strictly away from the IRS 5 source. Deviations of the proper motion directions from the main direction of the out ow can be produced by the interaction of the out ow with the ambient medium (e.g., the proper motions of condensations in a bow shock ow; Raga et al. 1997) , with an obstacle, or with another out ow.
It is also interesting to compare the proper motion velocities of the HH 262 knots (see Table 2 ) with the proper motions which have been measured for the HH knots associated with the blueshifted lobe of the L1551 IRS 5 out ow. Extending SW from the IRS 5 source for 30 00 there is a chain of knots which has been called the IRS 5-jet. A proper motion velocity of 190 km s ?1 directed { 7 { away from IRS 5 has been measured for these knots by Neckel & Staude (1987 
Radial velocities
From Table 3 , we see that the heliocentric radial velocities (of the line peaks) of the HH 262 knots range from 45 to 90 km s ?1 , and that the line widths range from 58 to 116 km s ?1 . The observed range of radial velocities indicate that all the knots of HH 262 are redshifted, that is consistent with an association with the redshifted lobe of the L1551 IRS 5 out ow.
Furthermore, the values of the radial velocity and FWHM of the HH 262 knots can be compared with the values that have been observed for the HH objects associated with the blue lobe of the L1551 IRS 5 out ow. Sarcander, Neckel & Els asser (1985) and Stocke et al. (1988) HH 28. The FWHM of the lines and the radial velocities that we have found for the HH 262 knots are therefore similar (with the velocities of opposite sign) with the ones which have been measured for the HH objects associated with the blueshifted lobe of the L1551 IRS 5 out ow. These results also favor an association of HH 262 with the L1551 IRS 5 out ow.
It is interesting to note the partially systematic spatial distribution of the radial velocity and FWHM values, with respect to the out ow axis. In order to illustrate this peculiar distribution, we have plotted the radial velocities and FWHM in polar diagrams (Figs. 5a and 5b) . The coordinate system adopted is centered on the GH 10 E knot, and the radial velocity and FWHM of this knot has been plotted as the radius of the circles in Figures 5a and 5b, respectively. We have then measured the position angles of the other knots of HH 262 (in the coordinate system centered on GH 10E), and plotted vectors with the directions to the knots, and with moduli which are proportional to the radial velocities (Fig. 5a) and FWHM (Fig. 5b) of the respective knots. From Figures 5a and b , it can be seen that both, the radial velocities and the FWHM of the condensations tend to decrease with increasing polar angle away from the direction of the IRS 5 source (indicated by the dashed line).
{ 8 { This systematic spatial distribution found for the radial velocities and the FWHM of the HH 262 knots is more clearly illustrated in Figure 6 . In this gure, the radial velocity and the FWHM of each knot have been represented as a function of the (projected) distance d to the line joining HH 262 and the source IRS 5 (i.e., the out ow axis). The values of d are given in Table 3 . The radial velocity and the FWHM present a strong linear correlation with d, being the knots with the higher radial velocities and FWHM found closer to the out ow axis. The best linear ts give: This behavior of the radial velocities and line widths of the of the HH 262 knots, according to their proximity to the L1551 IRS 5 out ow axis, can be interpreted as partial evidence of an association of HH 262 with the L1551 IRS 5 out ow. This object could correspond to a point of convergence of a cavity such as the one observed in the blueshifted out ow lobe (Rodr guez et al. 1989 ).
In the case of a cavity produced by the convergence of conical streamlines, with the emission coming from a ow in the walls of a cone, the decrease in the radial component of the velocity (due to projection e ects) as one moves away from the central axis of the out ow, could account for some of the observed properties. However, in this model one would also expect to observe two peaks in the line pro les along the central axis of the out ow (corresponding to material moving in the forward and rear faces of the cone) and a single peak pro le towards the edge of the cone. Although this e ect could be masked by insu cient spectral resolution of the data, and by the presence of emission at intermediate velocities in the case that the ow lls in the cone, this does not seems to be observed in our S II] line pro les.
An alternative possibility is to interpret the result in terms of a \turbulent jet" scenario, in which the velocity of the jet decreases as a function of the distance to the axis of symmetry of the jet beam. Under this scenario, one would expect to nd the lowest velocities on the edge of the jet beam, while on the central axis the observed emission would present contributions of low velocity (corresponding to the edges of the jet beam) and high velocity (center of the jet beam) material. This scenario could also account for the observed behavior of the FWHM: the highest FWHM values are expected to be found on the central axis (as we intersect all the beam jet, thus observing contributions from material within a wide range of velocities), while the FWHM values would be low on the edge (as we only intersect material from the edge of the beam jet). However, if the observed decrease of the radial velocity (and FWHM) is produced by a deceleration of the ow as one moves away from the axis, this will produce a decrease of both the radial and the tangential velocity components. Thus, both velocity components should present a similar behavior. Since a decrease of the tangential velocities does not seem to occur (although the uncertainties in the proper motions determinations are much higher than in the radial velocities, and could mask this e ect), it appears that also the geometry of the ow and projection e ects are relevant in order to produce the observed correlations.
We should note, again, the limitations of our study, restricted only to several of the HH 262 knots, and a ected by somewhat large uncertainties in the proper motion determinations. Also, we want to point out that the kinematical study that we have carried out on HH 262 is necessarily simple. A more detailed inspection of the kinematic behavior of the central condensation GH 10 E-W, reveals that the radial velocity is far more complex than our rst analysis (based on an integrated radial velocity pro le of the whole condensation) shows. Figure 7 shows a set of panels, each corresponding to a radial velocity versus declination cut, for a constant right ascension. The most striking characteristic is the apparent change in the radial velocity when moving 5 00 in declination along GH 10 E.
More observations, with better sensitivity and spatial resolution are required to resolve the kinematics of all the knots, specially for those that are faint or present a rather complex ne structure. Because it has long been known that knots in HH object vary in intensity and this could a ect proper motions, a database with good temporal resolution would be necessary to obtain more accurate proper motion determinations. Also, the possibility that the interaction between two out ows (given the proximity of HH 262 to the out ow from the source L1551 NE) takes place near HH 262, or the possibility of interaction of the red lobe of the L1551 IRS 5 out ow with an obstacle or with the end of a cavity, can complicate the kinematical behavior of the HH 262 knots.
For example, the HST observations of HH 2 have revealed (Schwartz et al. 1993 ) that the previously known individual optical knots of HH 2 consist of a rich array of structures (with sizes 0: 00 2) with a wide range of excitations. This knotty morphology is interpreted by Schwartz et al. (1993) as being produced by the fragmentation of a bow wave, and indicates that when better images are obtained, the behavior of HH knots becomes more complex, and more di cult to understand in the context of the present, still limited models.
Conclusions
We have carried out a study of the proper motion and radial velocity structure of HH 262, a group of HH knots observed towards the redshifted lobe of the L1551 IRS 5 out ow. From this study, we nd that:
1. The moduli of the measured proper motion velocities of the HH 262 knots are comparable to those of the proper motions of the HH objects associated with the blueshifted lobe of the L1551 IRS 5 out ow.
2. The position angle of the proper motions for most of the HH 262 knots is close to the direction away from the IRS 5 source.
{ 10 { 3. All of the knots of HH 262 are redshifted, and have line widths and radial velocities with moduli which are very similar to the ones measured for the HH objects associated with the blueshifted lobe of the L1551 IRS 5 out ow.
4. HH 262 has an hour-glass symmetry, with an axis oriented more or less parallel to the direction towards the IRS 5 source, and shows a somewhat symmetrical radial velocity structure (with respect to this direction). In particular, we nd a strong linear correlation between the radial velocity and the line width of the HH knots, and their distance to the L1551 IRS 5 out ow axis.
These properties appear to con rm the association of HH 262 with the redshifted lobe of the L1551 IRS 5 out ow suggested by Graham & Heyer (1990) and Graham & Rubin (1992) .
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